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Abstract: The key objective of this study is to ascertain
the effect of structure and increased molecular size on the
corrosion inhibition potential of two synthesized amines,
when compared to their precursor compounds. The
product amines were N-(2-hydroxy-3-phenoxy) ethanol-
amine (NHPE), N,N-Di-(2-hydroxy-3-phenoxypropyl)
ethanolamine (NNHPE) synthesized from monoethanol-
amine (MEA) and phenyl glycidyl ether (PGE) as starting
materials. Both starting and product amines were charac-
terized using FTIR spectroscopy. The corrosion inhibition

potentials were assessed using experimental and quantum
theoretical modeling and calculations. Some key elec-
tronic properties such as highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) energies, gap energy, dipole moment and sur-
face area, were calculated and discussed. The various
approaches adopted in this study were in reasonable
agreement and the following average inhibition efficiency
trend was obtained: NNHPE (75.7 %) >NHPE (68.3 %) >
PGE (64.2) >MEA (61.0).

Keywords: Synthesis - FTIR spectroscopy - Corrosion inhibition - Theoretical modeling

1 Introduction

Mild steel is a common structural material applicable in a
wide range of industries due to its low cost and ease of
fabrication. In most industrial processes, acidic solutions
are commonly used for cleaning, pickling, descaling, oil
well acidizing, etc [1-3]. Corrosion defence had previously
been accomplished by conventional methods such as pH
control, use of phosphates or chromates, or addition of
ammonia. Today, a large number of corrosion inhibitors
are in use and there is continuous increase in the number
of systems being preserved [4-8]; the final choice being
dictated by cost and environmental regulations. Several
published works agree that the most effective corrosion
inhibitors are those organic compounds containing heter-
oatoms such as oxygen, nitrogen, sulphur, or multiple
bonds and or pi-electron systems in their structures-so
called adsorption inhibitors [9-19]. The efficiency of an
adsorption inhibitor is mainly dependent on its ability to
get adsorbed onto the metal surface, which involves the
replacement of water molecules at the corroding metal/
solution interface [20].

The search for new and more effective corrosion
inhibitors requires the clarification of interactions be-
tween inhibitor molecules and metal surfaces [20-23].
Quantum chemical methods have recently become an
indispensable tool in the development of new and more
functional materials [24,25]. Once a relationship between
the structure and reactivity is identified, any number of
compounds, including those not yet manufactured, can be
readily screened [24-30]. Many scholars beleve that multi-
active compounds with large molecular volume tend to
give better inhibition performance [31]. This study
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represents the first fruit of our venture into designing
novel, cost effective and ecofriendly inhibitor molecules.
Two amine adducts; N-(2-hydroxy-3-phenoxy) ethanol-
amine (NHPE), N,N-di-(2-hydroxy-3-phenoxypropyl)
ethanolamine (NNHPE) were synthesized and tested for
their effectiveness and mode of action during mild steel
corrosion in 1 M HCI solution using experimental and
theoretical approaches. These compounds containing (2-
hydroxy-3-phenoxypropyl) amino groups available in
literature are known as blocking agents and/or inotropic
agents and are useful in the treatment of heart disease
such as arrhythmias, angina pectoris, heart failure and
hypertension [32]. This is the first of their application for
corrosion inhibition purposes. Furthermore, the synthe-
sized amine adducts are non-toxic and environmentally
friendly since they are widely used in medicine and have
the potential to become green corrosion inhibitors.
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2 Materials and Method
2.1 Material

Monoethanolamine (MEA), phenyl glycidyl ether (PGE),
NaOH and MgSO, were used as obtained from Sigma
Aldrich, UK. Analytical grade ethanol (from Merck,
India) was dried with magnesium sulphate and then
vacuum-distilled before use.

2.2 Preparation of N-(2-hydroxy-3-phenoxy)
Ethanolamine (NHPE), N,
N-Di-(2-hydroxy-3-phenoxypropyl) Ethanolamine
(NNHPE)

N-(2-hydroxy-3-phenoxy) ethanolamine (NHPE) was pre-
pared in this wise [33]. To a solution of phenyl glycidyl
ether (0.1667 mol) and monoethanolamine (0.1668 mol),
ethanol (100 mL) was added. The reaction mixture was
allowed to boil under refluxed for 6 hours. For N,N-Di
-(2-hydroxy-3-phenoxypropyl), phenyl glycidyl ether 2x
(0.1667 mol) and monoethanolamine (0.1668 mol), with
100 mL ethanol respectively were used. The solution was
allowed to boil under reflux for 6 hrs. After cooling, the
solid products were filtered and recrystallized from
methanol. The final product was vacuum filtered, then
kept to dry in the desiccator.

2.3 Characterization of the Synthesized Amines
2.3.1 Fourier Transforms Infrared (FTIR) Spectroscopy

The determination of chemical functional groups present
in the compounds was achieved using a Thermo Fisher
Scientific Nicolet Avatar 380 FTIR Spectrometer. A small
quantity of diluted product was directly deposited onto
the sample disk, creating a thin film. A spectrum was
scanned in the range of 4000 to 700 cm™ interval. Each
analysis was repeated twice to detect the characteristic
peaks and their functional groups

2.4 Gravimetric Study

Mild steel specimen with dimensions 30 mm x30 mm,
obtained from the Materials and Metallurgy Department,
School of engineering FUTO, were utilized for the
gravimetric study. The weight percent bulk composition
of the steel were: Fe=99.21; C=0.21; Si=0.38; P=0.09;
S=0.05; Mn=0.05; and Al1=0.01. The steel samples were
used as supplied without further processing. Triple
distilled water was used in all tests. Test vessels were
250 mL beaker containing 200 mL of test solution. To
avoid turbidity, the test inhibitors were introduced into
the electrolyte as solutes in ethanol at 1 % ethanol to the
solution volume. The specimen were then inserted with-
out interruption 24 hours under normal aeration. The test
procedure was repeated in presence of various concen-
tration test inhibitors.
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The weight loss values and inhibition efficiency (%IE)
were calculated using Eq. 1 [15].

aw =" rpoy — Awx 100 (1)
w,

o

where, w, is the weight loss value in the absence of
synthesized products (inhibitor), and w, is the weight loss
values in the presence of inhibitors. The weight loss values
reported were the average of three replicate measure-
ments

2.5 Electrochemical Measurement

Electrochemical measurements are performed with a
traditional three-electrode cell using VersaSTAT 3 Poten-
tiostat/Galvanostat interfaced with ZsimpWin impedance
modeling software. A carbon electrode and saturated
calomel electrodes (SCE) were the auxiliary and refer-
ence electrodes, respectively. Test metal samples of mild
steel for the electrochemical experiment were machined
into cubic specimens and fixed in polytetrafluoroethylene
(PTFE) tape in such a way that only 1 cm? of surface was
left uncovered. Prior to polarization, the system was left
undisturbed for 24 hours at 303 K, which was sufficient to
attain stable open circuit potential (Egcp). Electrochem-
ical Impedance Spectroscopy (EIS) experiments were
performed within frequency range 100 kHz to 10 mHz at
303 K using 10 mV AC amplitude signal at Eqcp Then
potentiodynamic polarization measurements were per-
formed by sweeping the potential from 250 mV vs. Egcp
at 0.0334 mV's™'. The data reported is the average of three
replicate measurements.

2.6 Quantum Chemical Calculations

Theoretical calculations were performed using density
functional theory (DFT) provided by the DMol3 module
available in Model 4.0 Material Studio of Accelrys Inc.
All calculations were performed using the Perdew-Wang
(PW) exchange correlation functional and a double
numerical with polarization (DNP) basis set, since this
was the best set available in DMol3 [24-26]. This basis set
gives good geometry optimizations [27-30].

3 Results and Discussion
3.1 Scheme of Synthesis

To synthesize the new corrosion inhibitors, the reaction
sequence outlined in the Schemes1 and 2 below were
followed starting with commercially available monoetha-
nolamine and phenyl glycidyl ether.
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Scheme 2. Synthesis of NNHPE.

3.2 IR Spectra

3.2.1 Analysis of FTIR Spectra Obtained (Product
Compounds)

Figures [1 & 2] represents the FTIR spectra of the starting
materials (MEA and PGE respectively) which are pure
compounds with established spectra. The spectra of
NHPE (Figure 3) and NNHPE (Figure 4) reveal the
presence of characteristic absorption bands for
Ar—C=C—-H stretching and bending —CH, and asym-
metrical and symmetrical, -C—Ar—O—C stretching, and
epoxy CH,—(O—CH-) ring stretching vibration. The
presence of epoxy groups in the spectra was confirmed
with the presence of strong bands at 3,056 cm™ (C—H
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epoxy) and 913 cm™' (C—O epoxy). The broad doublet
peak observed between 3,330-3,200 cm™ is due to the
—NH, vibration absorption of amine compounds. Another
doublet peak observed between 1,340-1,370 cm™! is due
to the presence of isopropyl group vibration absorption.
The —C-N group absorption frequency is seen at
1,117 cm™! for NHPE and 1,034 cm™! for NNHPE. The
ether C—O-R is seen at 1,125 cm™!. The aromatic —CH,
and —C=C- vibrations are seen around 3,020 and
1,595 cm™ regions for both the amine adducts.
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Fig. 1. FTIR spectrum of pure MEA.

This primary amine has two peaks at 3350 and 3293 cm™' typical of O—H and N-H absorptions. Two peaks at 2927 and 2864 cm™

lis

representative of C—H stretching. The stretch of primary amine results in a band in1601 cm™ and —H,C—~OH between 1461 and 1355.

3.3 Gravimetric Study

Assessment of the results presented in Table 1 shows that
inhibition effectiveness of the investigated compounds
increased with expanding of concentrations. Figures 5 and
6 respectively represents the plot of decreasing weight
loss and increasing inhibition efficiencies with increasing
concentration of inhibitor. According to the IE% values
obtained in this study, the inhibitor effectiveness of the
test inhibitors can be given in the following order:
NNHPE >NHPE > PGE >MEA. Highest values obtained
being 76.7, 63.1, 55.9, and 49.1 at 0.5 mg/L respectively.

3.4 Electrochemical Measurements
3.4.1 Potentiodynamic Polarization (PDP) Measurements

The Tafel polarization curves obtained for mild steel in
1M HCI in absence and presence of as-synthesized
amines (NHPE and NNHPE) as well the precursor
materials (MEA and PGE) are shown in Figure 7.
Inspection of Figure7, shows that addition of the
inhibitors in 1 M HCI solution shifted both the cathodic
and anodic branches of the polarization curves to lower
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values of current density indicating the inhibition of both
the hydrogen evolution and mild steel dissolution reac-
tions. These observations depicts the character of an
inhibitor a mixed-type with a predominant effect on the
hydrogen reaction in view of the slight displacement
towards the cathodic arm. In an acidic medium, other
phenyl amine/heterocyclic corrosion inhibitors having
similar results with regard to steel corrosion, have been
reported [34-36]. Table 2 represents the derived polar-
ization parameters, i.e. corrosion potential (E,,,), catho-
dic (Bc) and anodic (fa) Tafel slopes, corrosion current
density (/.,), and the inhibition efficiency (P%) for mild
steel corrosion with and without the additives. In partic-
ular, the estimated corrosion current (/) for blank is
387.49 pA cm % which is rapidly reduced to 125.4 and
131.06, 128.93 and 101.99 pA cm~? for MEA, PGE,
NHPE and NNPHE at concentration of 0.5 mg/L, respec-
tively. The inhibition efficiency (P%) was calculated from
polarization measurements according to the equation
given below [15]:

0

ro—1,
P% = -~ "< 1100 % ©)

corr
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Fig. 2. FTIR spectrum of pure Phenyl Glycidyl Ether (PGE). (NIST Chemistry Webbook (https://webbook.nist.gov/chemistry)
The peak at 3056 is representative of epoxy —-CH—O—CH,) epoxy, stretch. The peaks at 2,925, 2,967 is representative of —-CH,—, —CH;—
assym stretch. While those at 2,855, 2,872 represents —CH,—, —CH;— sym stretch. The peaks at 2,000-1,600 are attributable to Ar—C—H
overtone.
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Fig. 3. FTIR spectrum of N-(2-hydroxy-3-phenoxypropyl) ethanolamine.
Here an N—H peak is seen at 3385.8 cm™' and a broad peak in the range 3400 and 3300 cm ™ signifies O—H (secondary). Aromatic ring
has peak in the range of 1450-1600 cm™!, and the 3 absorption peaks at 1599.0 cm™', 1494 cm™', 1457 cm™' signify phenyl absorption.
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Fig. 4. FTIR spectrum of N,N—Di-(2-hydroxy-3-Phenoxypropyl) ethanolamine.

The peaks at 1334.4 cm™', 1293.4 cm™', 1250 cm™' are representative of C—O stretching. Aromatic ring (phenyl) peaks are seen in
1599.0 cm™, 1494.7 cm™, 1457.4 cm™ region, while N—C variable stretching seen at 1039.9 cm™,1077.2 cm™, 1170.4 cm™ as it is
expected to absorb in the range of 1020-1360 cm ™

Table 1. Gravimetric data for mild steel corrosion inhibition in presence of MEA, PGE, NHPE and NNHPE in 1 M HCI for 24 hours at 303 K.

Inhibitor Concentration (mg/1) Weight loss (mg) %IE

Blank 0 0.9788 (0.04894) -

MEA 0.1 0.7641 (0.03821) 282 (1.41)
0.2 0.4191 (0.02095) 40.8 (2.04)
0.3 0.4352 (0.02176) 42.0 (2.1)
0.4 0.3501 (0.01751) 46.7 (2.335)
0.5 0.3172 (0.01586) 49.1 (2.455)

PGE 0.1 0.3443 (0.01722 46.9 (2.345)
0.2 0.3162 (0.01581) 49.1 (2.455)
0.3 0.3050 (0.01525) 50.1 (2.505)
0.4 0.2498 (0.01249) 54.6 (2.73)
0.5 0.2340 (0.0117) 55.9 (2.795)

NHPE 0.1 0.2894 (0.01447) 56.3 (2.815)
0.2 0.2804 (0.01402) 57.4 (2.87)
0.3 0.2341 (0.01171) 60.9 (3.045)
0.4 0.2150 (0.01075) 62.4 (3.12)
0.5 0.2062 (0.01031) 63.1 (3.155)

NNHPE 0.1 0.2482 (0.01241) 69.5 (3.475)
0.2 0.2467 (0.01234) 69.8 (3.49)
0.3 0.2195 (0.01097) 72.1 (3.605)
0.4 0.1716 (0.00858) 76.1 (3.805)
0.5 0.1625 (0.00813) 76.7 (3.835)

Where I°, and I, are the corrosion current in the 3.4.2 Electrochemical Impedance Spectroscopy (EIS)
absence and in the presence of inhibitor, respectively.
To get further information concerning the inhibition
process and to confirm the gravimetric and Potentiody-

namic polarization experiments, impedance measure-
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ments were performed on the mild steel electrode at
Eqcp. Figure 8 shows the obtained Nyquist plots which
indicate that the impedance response of mild steel in 1 M
HCI solution was significantly changed after the addition
of the inhibitor compounds. Evidently from Figure 8(a, b)
the Nyquist plots show one depressed semicircular
capacitive loop, implying that the charge transfer process
involved only a single time constant. The depressed
semicircular capacitive loop, plus the noticeable spicks
can be attributed to surface roughness and other inhomo-
geneity of the electrode; phenomenon often referred to as
frequency dispersion [37-39]. Table 3 summarizes the
obtained EIS parameters. The double layer capacitance
(Cq), was determined from the frequency (f), at which
the imaginary component of the impedance (Z;) is
maximum (Z,,,.) following Eq.3 [40]:

1 1
Co = 2nfo R (3)

Charge transfer resistance Rt was calculated from high
and low frequency impedance data following equation (4)
[15].

R = Zetat tow frequency)~Z,uia igh reguony 4)
Finally, the percentage inhibition efficiency (#%) was

calculated from the values of R; according to the
equation (5) [15]:

n% = (R, — R!/R,)x100 (5)

Where R, and R; are the charge transfer resistance
values with and without the inhibitor respectively.

To analyze the impedance spectra, the equivalent
circuit (EC) given in Figure 9 was used, where Rs
represents the solution resistance, R, represents the

Table 2. Electrochemical parameters obtained from PDP measurements for mild steel in 1.0 M HCl in absence and presence MEA, PGE, NPHE,

and NNPHE (0.5 mg/L respectively) at 303 K.

System E..(mV) feorr(MA) B,(mV) -B.(mV) P(%)
Blank —453.96 387.49 159.39 181.16 -
MEA —496.54 125.4 208.41 632.42 63.6
PGE —512.43 131.06 174.1 408.33 65.2
NHPE —522.7 128.93 181.93 394.23 71.7
NNHPE —479.9 101.99 139.83 289.49 73.7

Table 3. Impedance parameters of mild steel in 1 M HCI at 303 K in the absence and presence of the synthesized inhibitors.

System R, Ry N Qu n(%) Z nax
(Q cm?) (Q cm?) (uQ 's"em-?)

Blank 2.274 103.911 0.812 460.902 -

MEA 1.733 553.522 0.837 101.311 81.201 69.728

PGE 1.889 741.7012 0.855 77.303 86.001 71.504

NHPE 1.644 671.001 0.869 65.712 84.511 73.087

NNHPE 2.009 696.514 0.885 50.551 85.112 74.910
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Fig. 7. PDP curves mild steel corrosion in 1.0 M HCI in absence and containing MEA, PGE, NHPE and NNPHE (0.5 mg/L

respectively) at 303 K.

charge transfer resistance and Cg represents the electro-
chemical double layer capacitance. In fact, the presence of
inhibitor enhanced the values of the transfer resistance in
acidic solution for all the additives. Values of the double
layer capacitance are also brought down to the minimum
extent in the presence of inhibitor. The trend of inhibition
efficiency follows the order similar to that obtained for
gravimetric and PDP measurements. The decrease in Cy
is due to the adsorption of these compounds on the metal
surface leading to the formation of a film against the
acidic solution [41,42].

Table 4 compares the percent inhibition efficiencies
obtained from the gravimetric and electrochemical techni-
ques used in this study. As is evident from Table 4, the
higher values were obtained from the two electrochemical
technique, the trend is the same: NNHPE >NHPE >
PGE >MEA. NNHPE however, gave a more consistent
result with the three techniques.

On a general note, the most realistic corrosion tests
are weight loss measurements after exposure. However,
they are very slow (weeks, months, or years). On the
other hand, electrochemical techniques are rapid. They
can measure very low corrosion rates, and give more
specific information about the corrosion system or more
comprehensive description of the system [43].

Table 4. Comparison of the percent inhibition efficiencies obtained
from the various techniques used in this study.

Technique MEA PGE NHPE NNHPE
Weight loss 49.7 559 63.1 76.7
PDP 63.6 65.2 71.7 73.7
EIS 69.7 71.5 73.1 74.9
Average IE% 61 64.2 69.3 75.7
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3.5 Quantum Chemical Study Results

With the help of the recent advances in computational
chemistry, the effectiveness of an inhibitor can now be
related to its spatial molecular and electronic structures
using the tool of quantum chemistry. In this study
quantum chemical method was introduced to understand
the correlation between the molecular structures and
inhibition behaviour of the compounds under investiga-
tion. Dmol3 module available in Material studio was
utilized to assess the frontier molecular orbital density
distributions as presented in Figures 10 and 11. Further
quantum chemical analysis was carried out to determine
such quantum chemical parameters as energy of highest
occupied molecular orbital (Egoyo), energy of lowest
unoccupied orbital (E;yuo), the gap energy (AE=E, yyo-
Enomo) and the dipole moment (u). A total of eleven
parameters were assessed as presented in Table 5.

The value of ionization potential (I) and the electron
affinity (A) was obtained from E,; o and E;yo using
the following relationships according to Lukovits theorem
[44-50]:

I'=—Euomo (6)
A =—-Eiumo (7
The values of the electronegativity (x) and the

chemical hardness () were evaluated using the following
relations [50,51]:

I+A
=7 ®
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Table 5. Electronic and structural parameters for MEA PGE, NHPE and NNHPE employing DFT approach.

Quantum parameters MEA PGE NHPE NNHPE
Esomo (€V) —5.459 —5.477 —5.000 —4.695
Erumo (V) 0.955 ~1.031 ~1.907 ~2.268
AE (eV) 6.414 4.446 3.093 2.427
Electronegativity () (r= "4 3.149 3.254 3.4535 3.4815
Global hardness (1) (7= "5 2272 2223 1.5465 1.2135
chemical softness (6) 6= 1 0.4396 0.4498 0.6466 0.8241
n
Molecular weight (MW) g/mol 61.083 150.177 211.260 361.437
Total surface area (TSA) (A°)’ 97.931 184.860 266.358 421.654
lobal sof i h i f o= L_ 2 10
Global softness (o), describes the capacity of an atom 7 Enoworm (10)

or group of atoms to receive electrons which in this study

was estimated by using the equation [52]:
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Generally, these indices are used to analyze the effect
of different substituent on the corrosion inhibition charac-
teristics of a particular parent organic compound.

According to the frontier molecular orbital theory,
Enowmo is associated with the electron donating ability of a
molecule, and, hence, higher values indicate better
inhibition efficiency. Similarly, E;yyo represents the
ability of a molecule to accept electrons, and, conse-
quently, lower values of E, ;o can cause higher inhibition
efficiency [18,42-45]. In the same way low values of the
energy gap (AE=E;ymo—Enomo) Will render good inhib-
ition efficiencies, because the energy needed to remove
an electron from the last occupied orbital will be low [42—
45].

In this study, the order of increasing the values of
Enowmo gap (AE): NNPHE > NPHE >MEA > PGE.

The order decreasing the E; o and the gap energy is
more akin to or earlier conclusions: NNPHE > NPHE >
PGE > MEA.
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=Model data)

This slight deviation of the Eygyo from the earlier
trend obtained with the experimental techniques, is not
totally surprising; the correlation is not always perfect
depending on the computational package (basis set).
However, the order obtained here shows that as the size/
volume of the molecule increased from MEA and PGE
and more importantly from NHPE and NNHPE, the
HOMO energy (Eyomo) boosted while the LUMO energy
(ELumo) and the energy gap (AE) dropped sharply;
pointing to the order of increasing inhibition efficiency.

Absolute hardness and softness, a key properties used
to measure the molecular stability and reactivity of a
molecules was also determined [45]. Chemical hardness
fundamentally signifies the resistance of a molecule
towards the deformation or polarization of the electron
cloud of a neigbouring atoms, ions or molecules during a
chemical reaction. Normally, the inhibitor with the least
value of global hardness (hence the highest value of
global softness) is expected to have the higher inhibition
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Fig. 10. Optimized structures, HOMO and LUMO orbitals of MEA and PGE MEA is essentially a linear molecule with HOMO and
LUMO evenly spread on the entire molecule while those of PGE is centered on the phenyl ring.

efficiency. According to this study, the trend of softness/
hardness is thus; (1) Hardness: MEA >PGE >NHPE >
NNHPE and (2) Softness: MEA <PGE <NHPE <
NNHPE.

Electronegativity is a key parameter used extensively
to make predictions about chemical behaviour. In the
reaction of two systems with different electronegativities
(as a metallic surface and an inhibitor molecule) the
electron flow will be from the molecule with the low
electronegativity towards that of a higher value, until the
chemical potentials are the same [46]. In other words,
large electronegativity values characterize the acceptor
and small electronegativity values are found for the
donors [47-51]. As the electronegativities of the consid-
ered inhibitors are smaller than that of metallic iron (7 eV
mol ™), shows that if used as inhibitor for Fe, the flow of
electrons will be from the molecule to the metal. Thus,
the electronegativity values obtained in this study in
increasing order is: MEA < PGE < NHPE < NNHPE.
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3.6 Correlation Between Electronic Density and
Inhibition Efficiency

It has been previously observed that the structure of a
molecule can affect the adsorption by influencing the
electron density at the functional groups [6]. Therefore,
N, O, S, aromatic rings (n-electrons) are expected to be
the active centers which has the strongest ability of
bonding to the metal surface. Thus when the frontier
molecular orbitals are analyzed it is observed from
Figure 10 that for MEA, the highest occupied molecular
orbital (HOMO) is located on the nitrogen atom while
that of PGE, NHPE and NNHPE (Figure 11) were on the
phenyl groups. The oxygen atoms in all the structures
were not affected. This observation agrees with an earlier
report [53-56] that the presence of more than one
functional group can lead to changes in the electron
density which in turn could influence its adsorption
behavior. Thus the areas containing the phenyl group
were the primary sites of the bonding. As shown in
Table 5, the values of HOMO energy increased with
increasing carbon backbone or molecular volume and
inhibition efficiency will be enhanced by increase in
HOMO. Therefore, the additional phenyl group on
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Fig. 11. Optimized structures, HOMO and LUMO orbitals of NHPE and NNHPE.

NNHPE is key to its apparent higher inhibition efficiency
in agreement with earlier observations.

The smaller sizes of MEA and PGE (the starting
materials) relative to the size of the product amines may
result in low surface coverage and consequently leading to
less inhibition effect. The increase of surface area leads to
better surface coverage and increases the inhibition
efficiency. From Table 5, it is clear that the surface area
increases as the size of the amine increased from a
molecule having only one phenoxy group to that having
two. The inhibitor, NNHPE has the higher molecular
surface area among the two product amines due to the
presence of the additional phenoxy propyl group, which
probably makes a better surface coverage of the metal
surface and ultimately lead to higher inhibition efficiency.

4 Conclusion

Two new products were successfully synthesized from the
reaction between a primary amine, monoethanolamine
and phenyl glycidyl ether, following epoxy ring opening
reaction mechanism and quantum Chemistry calculations
was used for the evaluation of their corrosion inhibition
performance. The important findings of the performance
evaluation are as follows: Both the starting materials and

www.electroanalysis.wiley-vch.de
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product amines were characterized using IR spectroscopy
and the comparison of the spectra showed that new
compounds were produced. As the reaction proceeded,
the primary amine adduct are converted to secondary and
the tertiary amines. The decrease in the IR band intensity
of epoxy groups at about 915 cm™, as well as at about
3,056 cm™!, was observed due to this process.

The phenyl group dominated the character of the new
compounds far more than the hetero atoms and as the
complexity of the molecule increased the properties were
boosted. Based on the properties assessed the trend of
inhibition efficiency is: NNHPE >NHPE > PGE >MEA.

Theoretical and quantum chemical calculation is a
powerful tool for estimating inhibitors efficiencies. The
theoretical conclusions was authenticated using a gravi-
metric test method.
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